developed a detailed chemical kinetics model for the pyrolysis of long-chain polycyclic n-alkylarenes based on a general free-radical mechanism. The model accounts for the two major primary pathways in the pyrolysis network of polycyclic alkylaromatics. Using 1-dodecylpyrene (DDP) as an example, we show that the model qualitatively predicted the effects of time, temperature, and concentration on the product molar yields and the reaction kinetics. The model also predicted the autocatalytic kinetics associated with the cleavage of the aryl-alkyl bond. The model results showed that radical hydrogen transfer was the dominant hydrogenolysis mechanism during all but the very initial stages of the reaction when reverse radical disproportionation dominated. A sensitivity analysis revealed that reactions involving a-DDP radicals were the most important in determining the reaction kinetics and the product sclectivities.
INTRODUaION
Long-chain n-alkylaromatic moieties are important structural elements in heavy hydrocarbon resources such as coals, kerogens, heavy crude oils, and petroleum residua. Further, essentially all conversion and upgrading schemes for these materials involve processes that operate at elevated temperatures where thermal reactions can be important. Thus, a complete understanding of the process chemistry for heavy hydrocarbons can be obtained only after the thermal reaction pathways, kinetics and mechanisms of longchain n-alkylaromatics have been fully elucidated.
The pyrolysis of long-chain n-alkylbenzenes is well understood (Poutsma, 1990 Vlastnik, 1992) . The feature that distinguishes the pyrolysis of many polycyclic n-alkylaromatics from the pyrolysis of their single-ring counterparts is the presence of a major primary pathway that proceeds with autocatalytic kinetics to cleave the aryl-alkyl C-C bond. This pathway is intriguing because the aryl-alkyl C-C bond is the strongest in the alkyl chain. Smith and Savage (1991a,c) showed that the relative importance of this hydrogenolysis pathway depends upon the specific structure of the n-alkylarene, its concentration, and its conversion. It is the major primary pathway for compounds substituted at positions with low localization energies and for pyrolyses at high concentrations (e.g. liquid phase) and high conversions.
The mechanism responsible for this aryl-alkyl bond cleavage involves the addition of hydrogen to 'Author to whom correspondence should be addressed. Fig. 1 . This mechanism for DDP is an extension of the long-chain n-alkylbenzene pyrolysis mechanism developed by Savage and Klein (1989) and the ethylpyrene pyrolysis mechanism recently developed by Smith and Savage (1992) . The key features of the mechanism are outlined in the following paragraphs.
The generation of free radicals occurs in the initiation steps numbered 1-3. In step 1, initiation occurs through homolytic dissociation of the week bond between the 61 and p carbon atoms in DDP (A) to yield a methylpyrenyl radical (Bi) and an undecyl radical (/&)_ This type of step is the dominant initiation pathway for alkylbenzenes. Steps 2 and 3 depict bimolecular initiation routes through reverse radical disproportionation (RRD). This type of step is the (Smith and Savage, 1992 ). In step 2, hydrogen is transferred from the a-carbon in the alkyl chain in one DDP molecule to the substituted aromatic position on a second DDP molecule to yield an ipsododecylhydropyrenyl radical (pL*) and an a-DDP radical (pc2). RRD steps can also transfer hydrogen to non-ipso positions on DDP and pyrene-containing reaction products such as methylpyrene, ethylpyrene, and pyrene. The 3,6, and 8 positions in pyrene are the most reactive hydrogen acceptors among the nonipso positions, so these are the most likely to participate in hydrogen transfer steps (Smith and Savage, 1992). The model includes hydrogen transfer by RRD to these non-ipso aromatic positions in the reaction mixture by lumping all of these positions together as one pseudo-reactant, which is denoted as R in Fig. 1 .
Step 3 shows hydrogen transfer by RRD from the benzylic position in DDP to a non-ipso position (R) on a pyrene unit. The result of this reaction is the formation of a p2 radical and a non-ipso alkylhydropyrenyl radical (p5). The initial concentration of R was set at three times the initial concentration of DDP when simulating DDP pyrolysis because there are three non-ipso positions on the pyrene nucleus (the 3,6, and 8 positions) that have the same reactivity for H addition as does the ipso position. Propagation occurs through hydrogen abstraction, p-scission, and hydrogen addition via radical hydrogen transfer (RHT) and H atom addition steps. Reactions 4-18 show hydrogen abstraction from the alkyl chain in DDP by methylpyrenyl radicals (bl ), primary alkyl and alkylpyrenyl radicals (Bz, &, p4), and hydrogen atoms (&) to produce y-DDP radicals (rl), a-DDP radicals (pL2), and all other secondary alkylpyrene radicals (p3). Note that although hydrogen abstraction can occur at any of the 12 positions in the aliphatic chain, there exist only three kinetically distinct abstraction pathways in long-chain n-alkylarenes (Savage and Klein, 1989) . All non-a-and non-y-DDP radicals share similar reactivities and consequently these can be lumped together and classified as vs. Steps 4-12 are the important hydrogen abstraction steps for the pyrolysis of long-chain nalkylbenzenes. Steps 13-18 were added to model DDP pyrolysis because H atoms and dodecyl radicals are present in this system. The p radicals formed in the hydrogen abstraction steps can undergo B-scission, as shown in reactions 19-21, to produce an alkene or alkenylpyrene (QI-QJ) along with the corresponding alkyl or alkylpyrenyl radical (/?i-ps). Moreover, the p radicals formed in the initiation steps can also undergo pscission to produce pyrene (Q4) plus dodecyl radicals (fi4) and substituted pyrenes plus hydrogen atoms (p5). R is shown as a parenthetical product of step 22 because the elimination of the n-dodecyl substituent from an ipso-dodecylhydropyrenyl radical increases the number of aromatic positions available for hydrogen transfer.
Steps 24-36 involve hydrogen addition to peripheral aromatic carbons in the pyrene nucieus via either RHT or H atom addition. Hydrogen atoms add to form either ipso or non-ipso dodecylhydropyrenyl radicals in steps 30 and 3 1. The remaining steps depict RHT reactions. Reactions 24-29 transfer hydrogen from primary alkyl and alkylpyrenyl radicals to ipso and non-ipso positions on pyrene nuclei. The resulting products are a-olefins and alkenylpyrenes plus alkylhydropyrenyl radicals. Reactions 32-35 transfer hydrogen from secondary DDP radicals. These RHT steps, which Freund et a[. (1991) found to be important for alkylpyrene pyrolysis, form DDP molecules with a double bond within the alkyl chain (interal olefins) plus alkylhydropyrenyl radicals. The final radical hydrogen transfer reaction, step 36, involves the transfer of hydrogen from the non-ipso positions of alkylhydropyrenyl radicals to the ipso position in DDP. We did not include p1 or p(4 as potential radical hydrogen donors because these two radicals have very rapid &scission steps available. Thus, RHT steps, which are slower, will not be competitive. Note that none of the hydrogen transfer steps delineated above have been included in mechanistic models for alkylbenzene pyrolysis. Indeed, it is precisely this importance of hydrogen transfer in polycyclic systems and its relative insignificance in alkylbenzenes that leads to hydrogenolytic cleavage of the strong aryl-alkyl C-C bond being a distinguishing feature in polycyclic systems.
Chain transfer reactions (steps 3746) shift the distribution of p radicals and occur through hydrogen abstraction and isomerization. In steps 37-42 a secondary DDP radical abstracts hydrogen from DDP to produce a different secondary DDP radical and regenerate DDP. Savage and Klein (1989) included the analogous steps in their model of alkylbenzene pyrolysis. Reactions 4346 are 1, 5 hydrogen shift isomerizations. These reactions can be thought of as internal hydrogen abstraction reactions.
Termination occurs through radical recombination {steps 4749) and disproportionation (steps 50 and 51). Steps 4749 are written generally because the model includes all possible bimolecular radical recombination reactions as termination steps. Some of the products that are formed through these termination steps are thermally unstable because they contain a weak benzylic CX bond (e.g. Blpl, pzp2, and pZp,).
Thus, steps that describe the decomposition of these products have also been included in Fig. 1 .
The model in Fig. 1 includes the elementary steps required to account for the formation of the primary pyrolysis products. Steps that account for the formation of secondary products have not been included. For example, ethylpyrene is a major product of DDP neat pyrolysis and it is thought to arise, at least in part, from vinylpyrene, which is a primary product. The model does not include any steps to account for the conversion of vinylpyrene to ethylpyrene. These steps have been omitted because they have not yet been fully modeled even in alkylbenzene pyrolysis. Realizing that the model omits some secondary reactions, one should not expect the model to predict the yields of products involved in secondary reactions.
At this point, it is instructive to summarize the key features that distinguish the present mechanism for the pyrolysis of a long-chain polycyclic n-alkylarene from many previous mechanisms for long-chain nalkylbenzenes. The mechanism in Fig. 1 includes RRD steps as an avenue for initiation, hydrogen transfer from free radicals via RHT and from direct addition of H atoms, and isomerization reactions involving secondary dodecylpyrene radicals. As we will show in a subsequent section, including the hydrogen transfer steps is essential for modeling DDP pyrolysis whereas the pyrolysis of long-chain alkylbenzenes could be fully described without hydrogen transfer reactions.
RATE CONSTANT ESTIMATES
The previous section presented the reaction mechanism for DDP pyrolysis. We now describe the next step in the development of a detailed chemical kinetics model, which is to estimate numerical values for each of the reaction rate constants. Our guiding philosophy in selecting values for the Arrhenius parameters was to establish a set of rate constants that (1) were internally consistent, (2) were within the range of values used previously in the literature, and (3) provided a good description of our experimental results. Previous rate constant estimates or measurements for alkylaromatics, thermochemical data, and the Evans-Polanyi relation (Boudart, 1968) were the keys to our rate constant estimation protocol. The thermochemical data required and the numerical values used were the difference in resonance stabilization energy (ARSE) between a I-methylpyrenyl radical and a benzyl radical (5.1 kcal/mol), and the dissociation energies of the C-H bond in a 1-hydropyrenyl radical (37 kcal/mol), the a C-H bond in toluene (89.5 kcal/mol), the c1 C-C bond in an alkylbenzene (72.5 kcal/mol), the a C-H bond in an alkylbenzene (87 kcal/mol), a primary C-H bond in an n-alkane (100.5 kcal/mol), and a secondary C-H bond in an n-alkane (98 kcal/mol). These thermochemical data were taken from a review paper by Poutsma (1990) and from the work done at NIST (Tsang, 1992; Walker and Tsang, 1990; Stein and Brown, 1991) . The other parameters needed were the intrinsic activation energy (barrier height) and Evans-Polanyi ~1 for each class of reactions. We took most of these parameters from Malhotra and McMillen (1990) and some from Poutsma and Dyer (1982) . Using only a few different sources (i.e. groups at NTST, Oak Ridge National Laboratory, and Stanford Research Institute) for the thermochemical and kinetics data helped ensure internal consistency in the rate constant estimates. We constructed a spreadsheet that automatically recal-culated all of the affected rate constants if one or more of these parameters changed. Table 2 Table 2 . We also extended Malhotra and McMillen's protocol for hydrogen abstraction reactions, which considered only reactions between benzylic centers, to estimate rate constants for steps 4 and 6-l 5 in our model. We used the pre-exponential factor and Evans-Polanyi a: given by Malhotra and McMillen (1990), but we took 1  4  2  2  2  18  2  2  18  2  2  18  2  2  18  2  2  18  1  1  2  1  2  2  2  2  2  2  2  1  1  2   2'  2  2  2  18  2  18  2 E,, = 13.5 and 12.6 kcal/mol, respectively, for thermoneutral abstraction reactions between an aliphatic and benzylic center and between two aliphatic centers, respectively. These values for E0 were determined from a listing of hydrogen abstraction rate constants given as Table IX by Poutsma and Dyer (1982) . A brief summary of our rate constant estimation procedure for the other steps in the mechanism is given below.
Initiation
Step 1 depicts the homolytic dissociation of the bond between the tl-and p-carbons in DDP. These dissociation reactions of large molecules typically proceed with Arrhenius pre-exponential factors of 1OL6 * Is-' (Benson, 1976) . Therefore, we took A = 1Ol6 s-l for step 1. Further, we took the activation energy for step 1 to be the 72.5 kcal/mol activation energy for the analogous reaction in a long-chain n-alkylbenzene (Tsang, 1992; Walker and Tsang, 1990 ) less the 5.1 kcal/mol difference in resonance stabilization energy (Poutsma, 1990 ) to obtain 67.4 kcal/mol. &Scission Poutsma and Dyer's (1982) estimates for /3-scission Arrhenius parameters for 1,4_diphenylbutane pyrolysis provide a basis for estimating the analogous parameters for DDP pyrolysis. They took A = 10" s-l and E, = 28 kcal/mol for fi-scission of a y radical, which is analogous to our step 19. We used the same pre-exponential factor but subtracted 4 kcal/mol from E, to account for the large fraction of the additional resonance stabilization energy in the 1-methylpyrenyl radical relative to a benzyl radical that will appear in the transition state. This 4 kcal/mol difference was determined empirically. Poutsma and Dyer took A = 10'5.2s-' and E, = 38.2 kcal/mol for &scission of the EL radical, which is analogous to our step 20. We used the same A factor, but increased E, by the ARSE of 5.1 kcal/mol because the a-DDP radical is more stable than the a radical in diphenylbutane.
Step 21 is @zission of non-a and non-y secondary DDP radicals. The Arrhenius parameters for this step should be comparable to those for the /?-scission of a longchain secondary n-alkyl radical. The kinetics compilation of Allara and Shaw (1980) shows that Arrhenius parameters of A = 1012.7 s-' and E. = 29.1 kcal/mol are representative for this type of reaction so we used these values in our model for step 21.
Radical hydrogen transfer
Steps 32 and 33 depict hydrogen transfer from an a-DDP radical to ipso and non-ipso positions on the pyrene nucleus. Freund et al. (1991) showed that this type of RHT step is important for long-chain n-alkylarenes. They used thermochemical and kinetics data to estimate that the upper bound for the activation energy for this step should be 29 kcal/mol. A lack of additional data for this type of RHT step prevented them from making a good a priori estimate of the actual activation energy. They did report, however, that using an activation energy of 25.0 kcal/mol for this step in a numerical reaction model led to model calculations that were consistent with their experimental results. We also treated the activation energy for these RHT steps as an adjustable parameter in our model of DDP pyrolysis. Using an activation energy of 21.7 kcal/mol provided a good representation of our experimental data. We took A = 1O7.8 s-l to be consistent with the pre-exponential factors used in all other RHT steps.
Zsomerization
Steps 4346 account for isomer&&ion reactions (1, 5 shift of a hydrogen atom) of secondary DDP radicals, which likely proceed through a six-memberedring transition state. The pre-exponential factor for these steps was taken as A = 10" s-l and the activation energy was taken to be equal to the activation energy of the analogous bimolecular hydrogen abstraction step (Benson, 1976) . These estimates are consistent with the literature (Allara and Shaw, 1980; Dobe et al., 1987; Edelson and Allara, 1980) . Finally, note that the reaction path degeneracy for steps 45 and 46 is given as 0.11 in Table 2 . This value is not the true RDP, but rather it accounts for the lumping scheme used in writing the mechanism. The group ps includes all nine of the non-u and non-y secondary DDP radicals, but only one of those radicals can isomerize to form the a radical. Likewise, only one of the nine can undergo a I, 5 shift to form the y radical. Thus, to get the correct isomerization rate for steps 45 and 46 one needs to multiply the ,u3 concentration by l/9, or 0.11. We elected to show this lumping effect in the RPD.
Termination
The model includes all possible recombination and disproportionation reactions as termination steps. We set the rate constants for recombination reactions equal to 1010.5 l/mol s and the rate constants for disproportionation equal to 10% l/m01 s.
Some of the Arrhenius parameters listed in Table 2 differ from those we used previously for analogous reactions in modeling methyl-and ethylpyrene pyrolysis (Smith and Savage, 1992) and some differ from values used by Freund et al. (1991) for n-butylpyrene pyrolysis. The differences with our earlier work arise from our employing an improved rate constant estimation protocol here. The differences with Freund et al. arise primarily from our using different values for some key thermochemical data (e.g. ARSE). In both cases, however, the net effect of the different Arrhenius parameters on the numerical values of the rate constants is often within the uncertainty of the estimates. For example, the present pre-exponential factor for the reverse of radical disproportionation is higher than the value of lo'.' l/mol s used in our ethylpyrene pyrolysis model, and the activation energy is 4.5 kcal/mol higher. Since both of the Arrhenius parameters changed in the same direction, however, their changes are offsetting and the rate constant for RRD does not differ appreciably for the two models. The values at 400°C are 5.0 x 10m6 l/mol s for ethylpyrene and 2.1 x 10-61/mols for DDP for analogous reactions. As another example, note that A and E, for hydrogen abstraction by carbon-centered radicals differ from the earlier model, but the changes are typically in the same direction [i.e. both are lower in the present model). Thus, the net effect of these changes will be. small, and the numerical value of the rate constant used in the model will differ only slightly. For example, abstraction of an a hydrogen in DDP by a primary alkyl radical has a rate constant of 1.1 x lo6 l/mol s at 400°C in the present model, whereas the rate constant for abstraction of an a hydrogen in ethylpyrene by an ethyl radical was 8.1 x lo5 I/mol s.
MODELING RESULTS AND DISCUSSION
The pyrolyses of DDP neat and in a benzene diluent were simulated using Acuchem, a reaction modeling software package developed by the National Institute of Standards and Technology (Braun et al., 1988). Given initial concentrations, a set of reactions, and the corresponding reaction rate constants, the program sets up and solves the governing differential equations to calculate the temporal variation of the species' concentrations. Figure 2 displays the model's prediction (solid lines) for the molar yields of DDP, methylpyrene, and dodecane for DDP neat pyrolyses at 375, 400, and 425°C. Experimental data (Savage et al., 1989) are provided as discrete points for comparison. We selected the methylpyrene and dodecane yields for these figures because these two products are representatives from the two major primary pyrolysis pathways (Smith and Savage, 1991a,c). Methylpyrene is the major product from the pathway that is analogous to the dominant pathway in alkylbenzene pyrolysis. Dodecane forms along with pyrene in the aryl-alkyl CC bond cleavage pathway, which is unique to polycyclic alkylarenes. We selected dodecane rather than pyrene as the representative from this second pathway because dodecane forms exclusively through this primary pathway. Pyrene, on the other hand, can form through secondary reactions such as dealkylation of primary products. As discussed earlier, secondary steps were not included in the model. (1989) , on the other hand, used a closed system for the pyrolyses, so the primary products with a propensity for participating in secondary reactions were free to do so. A similar argument explains why the model predicts measurable yields of vinylpyrene, but no vinylpyrene was observed experimentally (Savage et al., 1989) . One possible reaction for vinylpyrene is its reduction to ethylpyrene. This behavior is consistent with the rapid conversion of styrene to ethylbenzene, which has been suggested as a reaction pathway by previous investigators (Klein and Virk, 1983; Savage and Klein, 1987a) . Table 3 shows that the radicals p2 and ,u~ had molar yields at least an order of magnitude higher than the yield of any other radical. The high yield for the a-DDP radical (pZ) can be accounted for by noting that it is formed in the most rapid hydrogen abstraction step, but it decomposes only through relatively slow b-scission and RHT reaction steps. We will return to the importance of the a-DDP radical in a subsequent section of this paper.
In addition to exploring the concentrations of products and radical intermediates, the detailed chemical kinetics model can be used to examine the rates of the different hydrogenolysis steps. Such detailed information would be difficult, if not impossible, to obtain from experiments. Figure 5 displays the rates of the six different steps that transfer hydrogen to the ipso position in DDP as function of DDP conversion at 400°C. Hydrogen transfer by l-alkylhydropyrenyl radicals (c(~) was the most rapid hydrogen transfer step over essentially the entire conversion range. Hydrogen transfer by a-DDP radicals (p2) was the second most rapid step, and it proceeded at about 20% of the rate of the most rapid RHT step. RRD was the third fastest hydrogen transfer step at most con- versions. It was the most rapid step at very low conversions where initiation reactions still dominated. The rate of hydrogen atom addition was almost two full orders of magnitude less than the rate of hydrogen transfer by alkylhydropyrenyl radicals. As a consequence, it appears that hydrogen atoms have a minor role as hydrogenolysis agents, a conclusion that is consistent with earlier experimental work for DDP pyrolysis (Smith and Savage, 1991a, c). Figure 5 also displays the rates of two other RHT steps. These steps, which involve secondary DDP radicals and primary dodecyl radicals as hydrogen donors, are slow during DDP pyrolysis. To summarize, Fig. 5 shows that RHT from cz-dodecylpyrene radicals and alkylhydropyrenyl radicals are the most important hydrogenolysis steps, and that RRD is also important because of its unique role as an initiation step. We explored the influence of the RHT steps further by excluding these reactions (steps 24-29, 32-36 in Fig. 1) (199Oa, b) .
Before conducting the sensitivity analysis, we first coefficients, which were calculated as (tJci/akj) (k,/c,) . reduced the number of reactions and reacting species Table 4 lists only those coefficients with absolute in the mechanism to reduce the computation time values greater than 0.001. required. We took advantage of the simulation results DDP (A), methylpyrene (/?,H), vinylpyrene (Q& presented previously to eliminate reactions that were and pyrene (QJ are representative of the key prodnot kinetically significant. For example, the reduced ucts from DDP pyrolysis, so our discussion of the mechanism includes only the termination reactions sensitivity analysis results will focus on these prodinvolving the radicals present in the highest concenucts. Inspection of Table 4 reveals that the calculated trations. Table 3 shows that or-dodecylpyrene radicals concentration of DDP is most strongly influenced by (px), non-ipso alkylhydropyrenyl radicals (p5), and the rate constants for steps 3,14,2, and 37. These steps methylpyrenyl radicals (/Ii) had much higher yields are the two initiation steps by RRD, the transfer of than any other radicals. Therefore, termination reachydrogen from n-DDP radicals to non-ipso positions tions involving these radicals are expected to be on DDP, and the fission of a termination product into dominant, and termination reactions of less abundant two a-DDP radicals. Thus, these steps are the most radicals will be less important. Therefore, we included important in determining DDP pyrolysis kinetics. only the termination reactions involving these rad-
The calculated concentration of methylpyrene is icals in the reduced mechanism. A further simplificamost sensitive to the rate constants for steps 1, 15, 29, tion was to eliminate hydrogen abstraction by p1 and 37.
Step 1 is the homolytic dissociation of the radicals because the competing B-scission steps are weakest C-C bond in the alkyl chain. This step promuch faster. We also restricted methylpyrenyl radicals duces methylpyrenyl radicals, which can subsequently to abstracting only a-DDP hydrogen atoms because abstract hydrogen to form methylpyrene.
Step 15 is abstraction at all other alkyl positions was nearly two a chain transfer step in which x-DDP radicals are orders of magnitude slower. Furthermore, we retained converted to y-DDP radicals. The y-DDP radicals can only p2 and p(s as radical hydrogen donors because then undergo /I-scission to produce a methylpyrenyl the RHT steps were slower than hydrogen abstraction radical. Steps 29 and 37 involve the recombination for all of the other potential radical hydrogen donors. and subsequent dissociation of or-DDP radicals. Finally, we lumped all primary alkyl radicals together
The concentration of vinylpyrene calculated from as a single pseudo species termed fl. Grouping these the reaction model is most influenced by the kinetics radicals together is reasonable because the reactivity of steps 20, 29, 37, and 3.
Step 20, the /?-scission event of long-chain primary alkyl radicals is a very weak that forms vinylpyrene is by far the most important function of the alkyl chain length. The reduced mechstep. The termination and initiation steps that involve anism is shown as the first column in Table 4 . The x-DDP radicals are also significant, however. identities of the species in Table 4 are the same as in
The calculated concentration of pyrene is most sen- Fig. 1 except for /3 , which is the lumped concentration sitive to the rates of steps 3, 14,2, 29, and 37. The only of all primary alkyl radicals.
propagation step of these five reactions is step 14, Returning to the sensitivity analysis, we note that RHT from a-DDP radicals to non-ipso positions on the concentrations of the species in a constant-volume pyrene-containing species. batch reaction can be described generally by eq. (1):
The discussion above shows that just a few reac- and the product selectivities. These key reactions are the initiation steps (l-3) and several steps involving where c is a vector of species concentrations and k is a-DDP radicals as either reactants (steps 14, 15, 20, a vector of rate parameters. We desired to determine 29) or products (step 37). These important steps inthe effect of a small change in the reaction rate convolving cr-DDP radicals include RHT, hydrogen stants on the calculated species concentrations. Equaabstraction, /I-scission, and recombination reactions. tion (2) expresses this effect in terms of a Taylor series Moreover, the RHT step is important not only in expansion:
influencing the product selectivities, but also in detercr(t,k+Ak)=ci(t,k)+ 5 sAkj+ ...* mining reaction kinetics. Note that this result from j= 1 akj (2) the sensitivity analysis is fully consistent with the high yield of a-DDP radicals noted earlier in our disThe quantities &@kj are the first-order local concussion of Table 3 . These radicals are important becentration sensitivity coefficients, and they represent cause they are easily formed and have slow, but coma linear approximation of the dependence of the spe-peting, channels for reaction. cies concentrations on rate constant changes. These are the coefficients calculated in Turanyi's (199Oa, b) SUMMARY AND CONCLUSIONS sensitivity analysis software package KINAL, and (1) The detailed chemical kinetics model described they comprise the elements in the sensitivity matrix.
in this paper is consistent with experimental observaThe sensitivity coefficients calculated for the neat tions reported previously for DDP pyrolysis. The pyrolysis of DDP at 400°C for 120 s using the reduced model accurately predicted the effects of holding time, reaction mechanism are shown in Table 4 . These temperature, and initial concentration on the kinetics values are normalized and dimensionless sensitivity and product yields. The model also predicted the 
